Empiric antimicrobial prescribing for community-acquired pneumonia remains a challenge, despite the availability of treatment guidelines. A number of key differences exist between North American and European guidelines, mainly in the outpatient setting. The North American approach is to use initial antimicrobial therapy, which provides coverage for Streptococcus pneumoniae plus atypical pathogens. Europeans tend to focus on providing pneumococcal coverage with less emphasis on covering for an atypical pathogen. Ambulatory patients without comorbidity are more likely to receive macrolide therapy in North America, whereas in Europe these patients would probably receive a ␤-lactam agent. Major issues that are fundamental to this difference include the importance of providing therapy for atypical pathogens and the clinical significance of macrolide-resistant S pneumoniae. Prospective data are required to evaluate which of these two approaches offers clinical superiority.
D
espite major advances in antimicrobial therapy, the empiric treatment of adults with community-acquired pneumonia (CAP) remains a considerable challenge. 1 CAP is a common, but serious, respiratory disease, occurring mostly during the winter, and producing significant morbidity and mortality. Not surprisingly, CAP places tremendous pressure on health-care resources. In the United States, the estimated cost of treatment is Ͼ $20 billion (in US dollars) per year, while in the United Kingdom this annual cost has been calculated to be Ͼ £400 million. 2 In Spain, the cost of hospitalizations alone due to CAP was estimated as $137 million (in US dollars) per annum in 2001. 3 A limited range of key pathogens cause the majority of CAP cases, with Streptococcus pneumoniae being the most common. 4, 5 Other etiologic agents include (but are not limited to) Haemophilus influenzae, Staphylococcus aureus, Mycoplasma pneumoniae, Chlamydia pneumoniae, Legionella spp, Chlamydia psittaci, Coxiella burnetii, enteric Gramnegative bacteria, anaerobes (aspiration pneumonia), and respiratory viruses. For the purposes of this
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review, the atypical pathogens are considered to be M pneumoniae, C pneumoniae, and Legionella spp. Some patients with CAP may have a mixed infection involving both "typical" and "atypical" pathogens or even a viral organism (eg, influenza virus), 6 although the incidence of such coinfection is not well-known. The incidence/prevalence of atypical pathogens in patients with CAP is not clear, with varying reports on their incidence, probably due to difficulties in the reliable detection of these organisms. 7 Ideally, a rapid, single test would identify the causative pathogen, allowing the patient to receive pathogen-directed antimicrobial therapy. However, special reports even when extensive diagnostic testing is used, the causative pathogen cannot be identified in up to 50% of cases. 6 These methodological limitations mean that clinicians must rely heavily on empiric antibiotic therapy. 6 The empiric approach to treatment is based on an assessment that one of the key pathogens is likely to be responsible for disease in a particular patient. This is not an easy assessment to make, being dependent on many different variables, including the age of patient, disease severity at presentation, comorbidities (including immune status), site of care (ie, inpatient or outpatient), geographic location, travel history, local susceptibility patterns, and the existence of local epidemic modifying factors for drug-resistant S pneumoniae (DRSP), or unusual pathogens (Table 1) . 6 Because the condition of a patient with CAP, even in its mildest form at presentation, has the potential to deteriorate within hours, the prompt initiation of appropriate antibiotic therapy is crucial for a favorable outcome. 8 Over the last decade or so, professional organizations and societies from many countries have developed guidelines for the empiric treatment of adults with CAP, with the objective of producing a helpful prescribing tool. Although some studies 9 -11 indicate that following guidelines improves patient outcome or reduces the costs associated with CAP, this may not be the case for all patient groups. 11 The best of these guidelines are evidence-based, with recommendations made only after extensive review and grading of studies in the literature, and supported by expert opinion. Although, at first glance, guidelines from different countries share common themes, there is considerable variation in the way in which they have been developed. For example, the choice of patient classification schemes, whether or not nursing home residents or immunocompromised patients are included, and specific drug recommendations vary, clearly reflecting local issues.
The primary focus of this article is to compare the specific choices for initial empiric antibiotic treatment in North America and Europe, with the objective of identifying and discussing any major differences. The information used to support the comparisons was obtained from a review of pertinent articles on CAP and a review of consensus statements of guidelines for the management of CAP in adults. 1, 6, [12] [13] [14] [15] [16] A preference was given for published articles that were evidenced-based, were extensively reviewed with a grading of studies in the literature, and were supported by expert opinion.
North American and European Guidelines: A Comparison
The key guidelines that have been used in this comparison are summarized in Table 2 and comprise the most recent statements from the American Thoracic Society (ATS), 6 the Infectious Diseases Society of America (IDSA), 1 the Canadian Infectious Diseases Society/Canadian Thoracic Society, 12 the British Thoracic Society, 13 the German Respiratory Association/Paul Ehrlich Society for Chemotherapy, 14 the Spanish Respiratory Society/Spanish Society of Chemotherapy, 15 and the French Society of Infectious Diseases. 16 A set of European Respiratory Society guidelines for lower respiratory tract disease also has been published 17 but is not included here. The European Respiratory Society guidelines are not evidence-based, and no distinction is made between acute exacerbations of chronic bronchitis and CAP for outpatient antibiotic treatment. Across guidelines, recommendations for empiric therapy are based on the pathogens most likely to occur in a given patient group. However, the criteria used for patient stratification in the various guidelines vary. Obviously, specific treatment choices also take into account the cost, side effects, and availability of the various antimicrobial agents. For all of the guidelines, the decision to hospitalize a patient is a priority assessment based on many variables and guided by prognostic scoring systems as well as psychosocial factors. The IDSA guidelines 1 place slightly more emphasis on establishing the etiologic cause of disease (through routine blood cultures, and sputum Gram staining and culture) and the use of pathogen-directed therapy, at least, for all hospitalized patients. The ATS guidelines 6 and Canadian guidelines 12 are the most definite in associating each patient group with the most likely set of pathogens. Although guidelines generally have moved away from the syndromic approach to treatment (ie, prescribing according to typical or atypical clinical presentation), elements of this approach remain in the Spanish guidelines 15 and French guidelines. 16 In North America, the specificity of the syndromic approach has been questioned. 18 The key differences between North American and European guidelines lie in the outpatient setting. A general impression from the North American guidelines is that, from the outset, physicians are looking for broad antimicrobial coverage, and all patients are treated routinely not only for the possible presence of pneumococcal infection but also for the possibility of infection with an atypical pathogen. Thus, for outpatients without comorbidities or risk factors for DRSP, a macrolide agent (or doxycycline as an alternative for patients who are intolerant to macrolide agents) is considered appropriate for first-line therapy. Newer agents (eg, azithromycin and clarithromycin) are popular because of better absorption, convenient dosing schedules, and fewer adverse effects compared with older agents (eg, erythromycin). 19 The rationale is that these are likely to be effective against the majority of cases caused by S pneumoniae (including most with mef-type resistance) as well as the atypical pathogens commonly associated with outpatient CAP (M pneumoniae and C pneumoniae). By contrast, in the European guidelines, the primary focus of empiric therapy is S pneumoniae with less emphasis on the empiric treatment of atypical organisms. Thus, the principal agents recommended are ␤-lactams, including penicillins. The rationale is that these agents are effective against S pneumoniae and, when given in appropriate doses based on pharmacokinetic/ pharmacodynamic, remain effective for most strains with reduced penicillin susceptibility. Since most of the macrolide resistance in Europe is erm-mediated, which is associated with high-level resistance, the macrolides are not regarded as optimal first-line empiric agents to treat this pathogen if the presence of S pneumoniae is considered likely. The syndromic approach used in France and Spain for mild disease defines a group of outpatients with an atypical clinical picture, and macrolide therapy is recommended for these patients.
In North America, outpatients with comorbidities and/or risk factors for DRSP may be prescribed a combination of a ␤-lactam agent (effective against strains of S pneumoniae with higher minimal inhibitory concentrations [MICs] ) and a macrolide agent (for coverage of the atypical pathogens), or one of the new fluoroquinolone agents (sometimes referred to as antipneumococcal fluoroquinolones or respiratory fluoroquinolones). These respiratory fluoroquinolones have a spectrum of activity that includes atypical pathogens as well as macrolide-resistant and penicillin-resistant S pneumoniae. In Europe, the recommendations for these patients are less clearcut (due to differences in patient stratification criteria), although many of them will continue to receive a ␤-lactam agent (maybe at high dose) as well as, possibly, a macrolide agent (if an atypical pathogen is suspected). The use of fluoroquinolones is fairly restricted in Europe, and these agents are not com- monly used in the outpatient setting. In fact, they are not recommended by the British Thoracic Society 13 for outpatients at all. With the exception of Germany, 14 doxycycline is not recommended in the European guidelines that were reviewed. In Germany, this agent is recommended only in the case of macrolide intolerance in the treatment of atypical CAP.
For patients requiring hospital admission to a medical ward, North American and European guideline recommendations begin to converge, and it is recommended that most patients in this setting initially receive IV therapy. The view here is that these patients require broader coverage, and that recommended agents must cover both S pneumoniae (including consideration for DRSP) and Legionella spp (as well as more unusual pathogens). In North America, the first-line recommendation for these patients is a ␤-lactam-macrolide combination or one of the new fluoroquinolone agents. In Europe, a high-dose ␤-lactam-macrolide combination is the widely recommended first-line treatment. New fluoroquinolone agents are beginning to be recommended more frequently throughout Europe in the hospital setting. It has been recommended that all patients admitted to the ICU receive IV therapy. North American guidelines stratify patients into their perceived risk for Pseudomonas aeruginosa infection. It is commonly recommended that patients not suspected of having P aeruginosa should receive a ␤-lactam agent (eg, cefotaxime or ceftriaxone) plus a macrolide agent (eg, azithromycin), or a respiratory fluoroquinolone agent (ATS 6 and Canada 12 ). The IDSA 1 recommends the administration of an extended-spectrum ␤-lactam agent (eg, ampicillin/sulbactam, piperacillin/tazobactam, or cefotaxime/ceftriaxone) plus either a macrolide or a fluoroquinolone agent. For patients in whom P aeruginosa is suspected, the first-line recommendations are for a combination of an antipseudomonal fluoroquinolone (eg, ciprofloxacin) plus an antipseudomonal ␤-lactam, or a triple-therapy combination of an antipseudomonal ␤-lactam plus an aminoglycoside plus a macrolide. In Europe, ICU patients are treated as a single group, with the most common regimen recommended being a ␤-lactam plus a macrolide, or a ␤-lactam plus a new fluoroquinolone with rifampicin added if a Legionella sp is suspected.
Differences in First-Line Recommendations: Possible Explanations
As highlighted in the previous section, recommendations for empiric therapy in North America and Europe have several key differences, mainly in the outpatient setting. It is not immediately apparent, however, why this should be the case. In order to shed some light on the differences, the following topics will be discussed below: the clinical impact of pneumococcal CAP and the prevalence of drugresistant strains; whether North American confidence in monotherapy with macrolides for outpatients is justified; whether European confidence in monotherapy with ␤-lactams is justified; the clinical importance of atypical pathogens in CAP (ie, prevalence rates and relevance); the consequences of not including coverage for an atypical pathogen; and why the respiratory fluoroquinolones have made such an impact on empiric therapy of CAP in North America.
Clinical Impact of Pneumococcal CAP and the Prevalence of Drug-Resistant Strains
S pneumoniae is the most common causative pathogen of CAP and tends to be associated with more severe disease than that caused by other pathogens. 20, 21 Surveillance studies indicate that the prevalence of DRSP continues to increase worldwide. Many S pneumoniae isolates with penicillin resistance exhibit coresistance to macrolides, but macrolide-resistant/penicillin-susceptible strains are also prevalent in some countries (eg, Italy). 22 An analysis 23 of European resistance and prescribing data showed a correlation between the greater consumption of newer, long-acting macrolides and increased pneumococcal resistance. Resistance to fluoroquinolones remains low but appears to be slowly rising (ofloxacin, MIC Ն 8 g/mL). 24, 25 
Is North American Confidence in Macrolides Justified?
Faced with a patient in whom CAP has been diagnosed, all physicians need to consider the possibility of pneumococcal infection. In North America, by recommending a macrolide agent, the conviction is that the agent will work against a possible pneumococcal infection and that macrolide-resistant S pneumoniae (MRSP) is not a significant clinical threat in patients with no risk factors or important comorbidities. In addition, this also presumes that there is a need to include coverage for atypical pathogens (discussion follows). In Europe, however, within areas where macrolide resistance in S pneumoniae strains has reached a high prevalence (ie, in southern Europe) and is associated with higher MICs, the perception among clinicians is that macrolide agent cannot be used as they are likely to result in therapeutic failure.
Mechanisms of Pneumococcal Macrolide Resistance:
Macrolide resistance in S pneumoniae is usually expressed as one of two phenotypes. The first, known as the M phenotype, is due to an efflux pump associated with the mef(A) gene. This results in the efflux of macrolides from the cell. M-phenotype isolates typically have low levels of macrolide resistance (erythromycin MIC range, 1 to 32 g/ mL), and are susceptible to lincosamide and clindamycin. The second phenotype, MLSB, results from a ribosomal methylation encoded by the erm(B) gene, which blocks the binding of macrolides, lincosamides (eg, clindamycin), and streptogramin B antimicrobial agent. This phenotype is associated with very highlevel macrolide resistance (ie, MIC, Ͼ 64 g/mL) and clindamycin cross-resistance. 19 Thus, cross-resistance between clindamycin (MIC, Ͼ 0.5 g/mL) and erythromycin can be used as an approximation of the prevalence of erm vs mef mechanisms of MRSP.
The rationale to position the macrolides as prominent first-line agents in the North American guidelines is partly based on the perception that the newer macrolide agents (ie, azithromycin or clarithromycin) can be effective against MRSP strains in which lower level resistance results from increased drug efflux with resulting MICs of 1 to 8 g/mL. In a study reported by Vergis et al, 26 a patient with S pneumoniae with an azithromycin MIC of 8.0 g/mL responded to azithromycin monotherapy. This partly explains the difference in the North American and European positioning of macrolides, as the majority of resistance in North America is efflux-mediated (often with MICs of Ͻ 16 g/mL), whereas it is ribosomal (with MICs of Ͼ 32 g/mL) in most locations within Europe. In addition, at the time of the development of the North American guidelines, cases of macrolide failure for outpatients, especially for cases not associated with risks for DRSP, had been infrequent. However, the trend in increasing MICs of the efflux-associated resistant strains in the United States is of significant concern. If these strains with reduced susceptibility become more prevalent in the community and are increasingly associated with clinical failure, reconsideration of the North American recommendations may be required. 27 Prevalence of Macrolide Resistance in North America and Europe: The latest report from the Active Bacterial Core Surveillance/Emerging Infections Program Network 22 reported that the prevalence of S pneumoniae isolates with macrolide resistance (erythromycin, MIC Ն 1 g/mL) in the United States had doubled between 1995 and 1999, from 10.6 to 20.4%. The proportion of isolates with the mef mechanism was 7.4% in 1995 and 16.5% in 1999, and accounted for the overall increase in macrolide resistance. The erythromycin median MIC increased in isolates using the mef mechanism from 4 g/mL in 1995 to 8 g/mL in 1999. The proportion of isolates using the erm mechanism remained stable at about 3.5%. Data from the SENTRY Antimicrobial Surveillance Program (North America) supported these figures and indicated that, in 1999, macrolide resistance was about 16% in the United States and 9% in Canada. 28 The latest update (2001) of the Alexander Project, 29 involving 2,483 S pneumoniae isolates from the United States, indicated that the prevalence of macrolide resistance among these isolates was 28.3% in 2001. These high prevalence rates were comparable to those found in Spain (26.4%) and Italy (35.9%), although they were not as high as that in France (56.4%). Although prevalence rates in the United Kingdom and Germany remain relatively low (11.5% and 7.5%, respectively), they are continuing to increase. Cross-resistance between clindamycin and erythromycin showed that macrolide resistance in Europe was predominantly due to isolates with the erm mechanism, which confers high-level resistance.
Does In Vitro Resistance to Macrolides Lead to Treatment Failure?
The issue of whether in vitro macrolide resistance translates into clinical failure remains controversial. While the results of clinical trials suggest that resistance has not compromised clinical efficacy, such trials routinely exclude patients with resistant strains. Furthermore, clinical response alone cannot be used as a measure of antibiotic efficacy. Many patients with mild forms of CAP recover spontaneously, masking any differences between agents. 27 Conversely, a significant number of patients die due to the severity of their disease or comorbidities, and not because of the failure of the antimicrobial agent.
Despite the reported increase in clinical failures in vitro, the number is relatively low given the extensive use of the macrolide agents. However, the reporting of treatment failure in patients with pneumococcal pneumonia as a result of macrolide use in the outpatient setting appears to be increasing. Three published studies from 2000 and one abstract from 2001 described macrolide treatment failure in 10 patients infected with macrolideresistant pneumococci. The report from Canada 30 described two patients who were hospitalized with pneumococcal bacteremia after receiving routine outpatient clarithromycin treatment. In both cases, the strains of S pneumoniae identified had high-level macrolide resistance (erythromycin MICs, 32 and Ͼ 256 g/mL). However, lower level macrolide resistance (ie, through the mef mechanism) also has been associated with treatment failure. An article by Kelley et al 31 34 When data including only patients with M phenotype pneumococcal bacteremias were analyzed, 6 of 28 case patients (21%) and none of the 52 matched control subjects were taking a macrolide at the time of onset of bacteremia (p ϭ 0.00053). 34 Eighteen of the 19 patients were treated successfully with a ␤-lactam antibiotic, and 1 patient was treated for a ␤-lactam allergy with vancomycin. Thus, in this study, breakthrough bacteremia occurred with both mef-mediated and erm-mediated erythromycin-nonsusceptible pneumococci. While it is to be expected that macrolide treatment failures would be predicted in cases of infections caused by strains harboring the erm gene, it has been postulated that the high intracellular levels achieved by azithromycin and some macrolides are sufficient to offset the macrolide resistance levels determined by the mef gene if the MIC of erythromycin is Ͻ 8 g/mL. However, treatment failures with either a macrolide or an azalide agent have now been reported with strains known to contain the mef gene or the M phenotype and, by Lonks et al, 34 with strains with MICs of erythromycin as low as 4 g/mL mediated by the mef gene. In addition, therapy with azithromycin and clarithromycin has failed against mef(A) strains in murine models of S pneumoniae. 35, 36 Most recently, the emergence of resistance to macrolide agents during treatment has been reported. A previously healthy 28-year-old man with severe pneumococcal pneumonia was treated with IV azithromycin (macrolide-susceptible). After initial improvement, his condition suddenly deteriorated, and the patient died. Although the pneumococcal isolate was initially fully susceptible to macrolide agents, at the time of relapse the isolate was resistant to azithromycin with a MIC of 4 g/mL. A mutation in the gene for ribosomal protein L22 was demonstrated. 37 
Is European Confidence in ␤-Lactams Justified?
Given the data supporting the clinical relevance of in vitro macrolide resistance, it seems reasonable to examine whether in vitro resistance to ␤-lactam agents also may have clinical implications. In Europe, confidence in ␤-lactam therapy (at least for amoxicillin and certain parenteral cephalosporins, such as ceftriaxone and cefotaxime) remains high, and these agents routinely constitute first-line recommendations for empiric treatment throughout the outpatient and inpatient setting (usually in combination with a macrolide in hospitalized patients). According to the Drug-Resistant Streptococcus pneumoniae Therapeutic Working Group, standard-dose ␤-lactam agents provide an effective option against S pneumoniae CAP caused by either penicillin-susceptible isolates (ie, MICs Յ 0.06 g/mL) or penicillinintermediate isolates (ie, MIC range, 0.1 to 1 g/ mL). 20 The dilemma about the continued efficacy of ␤-lactam agents arises only for those isolates with MICs of Ն 2 g/mL. Fortunately, the prevalence of S pneumoniae strains with MICs of Ͼ 2 g/mL remains uncommon, and penicillin resistance appears to be stabilizing, 28 although MICs of Ն 4 g/mL are more common in some geographic areas of high penicillin resistance prevalences, such as France, ([MIC Ն 4 g/mL] 6.7% in 2001), Spain (18.9%), and the United States (8.6%). 29 The literature contains conflicting reports about the clinical efficacy of ␤-lactams in the treatment of CAP caused by resistant S pneumoniae isolates. In some cases, this may be due to inconsistencies in classifying isolates as resistant. In 1995, Pallarčs et al 38 showed that the risk of mortality associated with benzylpenicillin or ampicillin treatment of DRSP pneumonia was similar whether or not patients were infected with a resistant isolate. However, many of their resistant isolates had a MIC of Յ 1 g/mL, a level which would, today, be considered intermedi-ate. A more recent report 39 studied the impact of penicillin resistance in hospitalized patients with pneumococcal pneumonia, determining that 10.5% of strains were resistant to penicillin (MIC Ͼ 1 g/mL) and that 15.3% of strains showed intermediate resistance to cefotaxime (MIC 1 g/mL). Patients were treated with either amoxicillin with or without clavulanate (3 g/d) or an injectable cephalosporin. No significant difference in global mortality was found between the penicillin-susceptible group and the penicillin-non-susceptible group.
A retrospective study by Turett et al 40 in 432 patients with pneumococcal bacteremia, indicated that the risk of mortality was increased if patients had DRSP (MIC Ն 2 g/mL). However, as half of the patients had a documented HIV infection, these data cannot be assumed to be representative of the general population. Furthermore, the investigators did not adjust for early death (ie, within 2 to 4 days of hospitalization), and many of the patients were treated with vancomycin and/or ceftriaxone, and not a penicillin. Outcomes were available for 32 of the 33 patients with penicillin-non-susceptible pneumococci. Only two of these patients were treated with a penicillin. One was a pediatric patient treated with amoxicillin, and the other was an elderly man who received a single dose of ticarcillin/clavulanate and died. Although the work of Feikin et al 41 suggested that, after taking disease severity into account, patients infected with high-level DRSP (ie, penicillin MIC Ն 4 g/mL or cefotaxime MIC Ն 2 g/mL) had poorer clinical outcomes, the study did not contain any information on severity of illness on presentation or consider whether the treatment regimen was appropriate. Pharmacodynamic studies show that, for ␤-lactam agents, the duration of the dosing interval for which serum levels exceed the MIC is predictive of bacteriologic efficacy. For optimal effect, this should be Ն 40%. 42 By achieving drug concentrations of a ␤-lactam above the MIC of the organism for at least 40% of the dosing interval, high bacteriologic efficacy is predicted. 43 A 2001 prospective study 44 compared therapies using highdose amoxicillin/clavulanate with that using highdose ceftriaxone in 378 patients hospitalized with moderate-to-severe CAP, and 116 evaluable patients had a documented pneumococcal infection. The number of penicillin-resistant (ie, MIC Ն 2 g/mL) isolates were comparable in the two treatment groups, but the investigators found that no differences in outcome were attributable to differences in penicillin susceptibility. Patients in both treatment groups had good clinical outcomes.
To deal with the problem of increasing S pneumoniae MICs, the initial data on a new, pharmacokinetically enhanced formulation of amoxicillin/clavulanate (2000/125 mg), which was designed to maximize the time spent above the minimal inhibitory concentration for at least 50% of the dosing interval to eradicate S pneumoniae isolates with amoxicillin MICs of Յ 4 g/mL, have shown it to be effective in therapy for respiratory infections (including CAP) due to S pneumoniae, with penicillin MICs Յ 8 g/mL. 45 Present data suggest that CAP caused by isolates of S pneumoniae that were considered to be intermediately resistant (ie, MIC range, 0.1 to 1.0 g/mL) should respond well to treatment with a ␤-lactam agent used in appropriate doses. Therapeutic failures are more likely to occur at higher levels of resistance (ie, MIC Ͼ 2 g/mL). Thus, in summary, it is clear that ␤-lactam agents still have an important role to play in the empiric treatment of CAP due to S pneumoniae, provided that these are dosed adequately.
Clinical Importance of Atypical Pathogens in CAP
One of the driving factors in the North American guidelines is the perception that the prevalence of atypical pathogens as etiologic agents in CAP is high. Consequently, recommendations for empiric therapy always include an antimicrobial agent regimen that provides atypical coverage. The rationale is that these organisms are becoming more commonly recognized in some studies as an etiology of CAP, and in the observational studies of therapy for patients who require hospitalization, 6,46 -50 antimicrobial regimens that have activity against the atypical pathogens have been associated with better outcomes. Although these findings are not definitive, they support a potentially important role for the atypical pathogens. The prominent role of therapy with macrolide agents in the North American guidelines is based on the relative frequency of atypical pathogens, and on the concept that it is difficult to differentiate the etiology (ie, atypical vs S pneumoniae) from the clinical and radiographic findings at presentation.
Thus, for both outpatients and inpatients, the option of using a macrolide, either as monotherapy in otherwise healthy individuals or as part of a combination regimen in patients with risk factors for poor outcomes, is one of the recommendations variably included in the North American recommendations.
By contrast, in Europe, empiric therapy for CAP is based on the need to provide pneumococcal coverage, rather than on the coverage of atypical pathogens. There appears to be a perception among European physicians that the consequences of not providing coverage for CAP due to atypical pathogens (excluding Legionella spp) is relatively unim-portant compared with treating a pneumococcal infection with a macrolide in an area where the prevalence of MRSP is high. The British Thoracic Society guidelines do not recommend the use of the term atypical pneumonia, however, they do refer to infections caused by M pneumoniae, C pneumoniae, C psittaci, and C burnetii as "atypical." Furthermore, they suggest that, as M pneumoniae exhibits epidemic periodicity every 4 to 5 years and largely affects younger persons, a policy for initial empiric therapy that aimed always to cover this pathogen was unnecessary.
The prevalence of atypical pathogens (M pneumoniae, C pneumoniae, and Legionella spp) in patients with CAP remains unclear, not least in part because in practice the specific etiology is established in only a minority of cases and because their rate of identification in CAP varies dramatically between studies. The prevalences of atypical pathogens depend on a variety of factors, including the diagnostic tests and serologic criteria used, and the patient population studied, as well as geographic and temporal variations. 6 Although the frequency of CAP caused by atypical pathogens appears to have increased over the last few years, this may simply be due to more careful and complete diagnostic evaluations. 51 Methodological difficulties continue to complicate the identification of atypical pathogens. Diagnostic testing for these pathogens is not routinely performed, as culturing is difficult, timeconsuming, and requires significant expertise. A microbiological diagnosis based on high acute antibody titers is quick but inaccurate, while diagnosis using the paired serology approach is more accurate but requires Ͼ 1 week to perform. 52 Atypical Etiology: Outpatients: Those studies that have attempted to identify causative pathogens in CAP patients treated in the community indicate that etiology remains unknown in Ͼ 50% of cases. While it is theoretically possible that the absence of any detectable etiology may reflect the importance of atypical pathogens in this population, the data suggest that such patients may actually have an infection with S pneumoniae or H influenzae. 53, 54 Nevertheless, the role played by M pneumoniae and C pneumoniae in the outpatient setting has been recognized increasingly over the last few years. 6, 53, [55] [56] [57] [58] Atypical Etiology: Hospitalized Patients: Similarly to the outpatient population, etiology remains unknown in a high proportion of cases. Also, very few studies have looked specifically at the prevalence rates of atypical pathogens causing CAP in patients admitted to the ICU. 51 On the basis of a review of 15 published studies over three decades from North America, up to 10% of patients, of all ages, requiring hospitalization for CAP were reported to have infections with Legionella spp, M pneumoniae, or C pneumoniae. 6 Other American studies 59, 60 suggest an incidence as high as 40 to 60% for these atypical pathogens, sometimes as part of a mixed infection, although these findings have not been universally supported. A study 54 of patients hospitalized for CAP in Spain sought to address the issue of undefined causative agents, which occur in approximately 50% of patients with CAP using conventional diagnostic methods (ie, blood and sputum cultures, and serologic studies). The investigators performed microbiological, genetic, and antigen tests for common respiratory pathogens in lung aspirates obtained from 109 patients by transthoracic needle aspiration. The results demonstrate that this procedure increased the known bacterial etiology from 50 to 83% and, specifically, resulted in the following rank order of pathogens: S pneumoniae (30%); M pneumoniae (22%); and C pneumoniae (13%). This suggested that while S pneumoniae remains the most common cause of CAP requiring admission to the hospital, both M pneumoniae and C pneumoniae are also important. Table 2 highlights the incidences of atypical pathogens in hospitalized CAP patients from studies conducted in the United Kingdom, Europe, Australia and New Zealand, and North America. 13 Incidences of these pathogens will vary based on the age group, geographic location, and whether an epidemic is occurring at the time of evaluation. 7 Mixed Infections: Multiple pathogens can be isolated from CAP patients, and virtually all combinations have, at some point, been found. 61 Generally, coinfection is thought to be more prevalent in patients in whom one of the pathogens is atypical, although the frequency and precise nature of mixed infections (either concurrent or sequential) involving atypical pathogens in CAP is not entirely clear (again, this probably is related to the presence of variable diagnostic methods). Some studies using serologic evidence report an incidence of up to 48% among hospitalized patients with CAP. 60 File et al 62 found that 45% of patients with C pneumoniae were coinfected with other pathogens, with the most common being pneumococcus.
Clinical Impact of CAP Caused by Atypical Pathogens
While it is well-recognized that Legionnaire disease is often associated with high morbidity and mortality, the clinical course of infections due to M pneumoniae and C pneumoniae is varied. 62, 63 In-deed, many of these infections are subclinical or self-limited. And when disease occurs, these pathogens are associated with relatively low mortality rates, particularly among young, ambulatory patients without comorbidity. Although the course of M pneumoniae or C pneumoniae disease is often selflimiting, it has been reported that these pathogens can cause both mild and severe CAP. [65] [66] [67] The importance of therapy for Mycoplasma and Chlamydia infections has been the subject of some conjecture. A common view is that, especially for mild infections, antimicrobial therapy for atypical pathogens has a minimal impact on clinical outcomes, as many infections are self-limiting. Nevertheless, studies from the 1960s indicate that treatment for mild M pneumoniae infections reduces the morbidity of pneumonia and shortens the duration of symptoms. 7 By contrast, Legionella spp are usually associated with severe disease frequently requiring ICU admission.
The consequences of not covering for Legionella spp infection are generally far more serious than for Mycoplasma or Chlamydia infection, and empiric therapy for patients with severe CAP (irrespective of age) always should cover for this pathogen. As North American guidelines recommend coverage of atypical pathogens (in the inpatient or outpatient setting), even patients with mild disease are likely to be treated for Legionella spp. In Europe, empiric coverage of Legionella spp is provided in accordance with patient stratification criteria (ie, in patients with an "atypical clinical picture" or in hospitalized patients). The severity of disease is the key factor that dictates the initial empiric therapy in the European setting.
The clinical importance of a mixed infection is unclear. Some investigators claim that it complicates the course of disease, although this view is not supported by all studies. 6 From the perspective of recommendations for empiric therapy, addressing the question of whether infection with one pathogen simply facilitates the penetration of a second or whether both pathogens cause symptoms remains a concern. 62 In their initial broad approach to treatment, North American guidelines, by default, address the possibility of a mixed infection. As atypical pathogens are not empirically covered by European clinicians, the possibility of a mixed infection would be unlikely to have an impact on the current prescribing recommendations.
Why Have the Respiratory Fluoroquinolones Made Such an Impact in North America?
The antimicrobial spectrum of activity (ie, Grampositive, Gram-negative, and atypical pathogens) of the newest, respiratory fluoroquinolones (eg, levofloxacin, moxifloxacin, and gatifloxacin) is well-suited to the North American approach of recommending broad initial coverage for S pneumoniae and the atypical pathogens in CAP. 68 Furthermore, these agents have a number of advantageous pharmacokinetic properties, including excellent penetration into the lung and high oral bioavailability. 68 The possibility of once-daily dosing is an attractive option. As it is possible to achieve comparable serum levels with either oral or IV therapy, certain patients with moderate disease may be managed in the outpatient setting rather than in the hospital. 6 Additionally, hospitalized patients may be switched more rapidly from IV to oral therapy, allowing them to be discharged from the hospital early. 6 These possibilities clearly have economic as well as social advantages. For outpatients with comorbidities and/or risk factors for DRSP, and for patients requiring hospitalization, therapy with respiratory fluoroquinolone agents is increasingly replacing that with a ␤-lactammacrolide combination in North America. Perhaps their greatest asset of the latter is their potency against the pneumococcus. 68 The Canadian guidelines 12 note that, at the time the guidelines were being prepared, there were 14 randomized controlled trials in which therapy with a respiratory fluoroquinolone was compared with standard therapy to treat CAP. In 4 of these 14 studies, there was a statistically significant advantage in favor of the respiratory fluoroquinolone. 12 A retrospective study 49 found that fluoroquinolone monotherapy was associated with increased survival compared with macrolide or ␤-lactam monotherapy in patients requiring hospitalization. As the numbers of patients involved were small, however, these data need to be interpreted with caution.
European clinicians clearly have a more reserved approach to the use of the respiratory fluoroquinolones. To some extent, this may be because some of the newer agents are not yet available. Europeans also continue to have confidence in appropriately dosed ␤-lactams for DRSP (ie, mainly amoxicillin, cefotaxime, and ceftriaxone) and prefer to combine a ␤-lactam with a macrolide for patients in whom the presence of a clinically important atypical pathogen (ie, Legionella spp) may be a possibility. There is also a widely held view among European infectious disease, respiratory, and microbiology specialists that the routine recommendation of a respiratory fluoroquinolone for the treatment of CAP would lead to the widespread and inappropriate prescribing of these agents, by primary care practitioners, for anyone with a possible lower respiratory tract infection. The predominant view in North America is that it is not the use of respiratory fluoroquinolones for the treatment of true CAP that is driving resistance, but rather the inappropriate use for "nonspecific viral" respiratory tract infections.
Resistance to Respiratory Fluoroquinolones:
A growing concern in North America is the potential for the fluoroquinolones to provoke resistance mechanisms in S pneumoniae. Although the worldwide prevalence of resistance to the fluoroquinolones in S pneumoniae remains low (1.2% of strains with ofloxacin MICs of Ն 8 g/mL in 2001), 29 in countries where these agents are more widely used (eg, Canada), resistance (defined as ciprofloxacin MICs Ն 4 g/mL) has increased markedly. 69 -71 The overall prevalence of levofloxacin resistance (levofloxacin MIC Ͼ 4 g/mL) in Hong Kong in 2000 increased to 13.3%. By using pulse-field gel electrophoresis, the authors showed that this was associated with the pan-regional dissemination of a fluoroquinoloneresistant variant of the globally distributed Spanish 23F-1 clone. 70 Thus, the high rate of resistance noted in this study is, to a great extent, due to clonal spread by means of person-to-person transmission in hospitals or nursing homes. 70, 71 Increases in respiratory fluoroquinolone resistance are probably related to the increased use of certain nonrespiratory fluoroquinolones (eg, ciprofloxacin) that have only marginal activity against S pneumoniae. 69, 72 In a study by Chen et al, 69 which showed an increase in fluoroquinolone-resistant S pneumoniae in association with an increase of fluoroquinolone usage, the predominant fluoroquinolone used in the Canadian health system during the time of the study was ciprofloxacin. Levofloxacin was the first of the respiratory fluoroquinolones to be introduced into the United States in 1997. Although there is no widespread resistance in any major national study with respect to levofloxacin and S pneumoniae, anecdotal treatment failures have been reported. 24, 73, 74 Respiratory fluoroquinolones that are highly active against pneumococcus appear less likely to select for resistant strains of S pneumoniae. 24 From a clinical perspective, therefore, the ATS guidelines support the use of the most potent respiratory fluoroquinolones.
Conclusions
Empiric prescribing for CAP remains a challenge, despite the availability of treatment guidelines. A number of key differences exist between North American and European guidelines, mainly in the outpatient setting. The North American approach is to use broad initial coverage, and all patients are routinely covered for infection by S pneumoniae plus an atypical pathogen. Europeans tend to focus on providing pneumococcal coverage with less emphasis on covering for an atypical pathogen. Ambulatory patients without comorbidities are likely to receive a macrolide in North America. In Europe, these patients will probably receive a ␤-lactam.
The prevalence of macrolide resistance in patients with S pneumoniae infection continues to rise worldwide. In the United States, the prevalence of these strains has doubled since 1995. Reports of treatment failure with macrolides are accumulating, and empiric recommendations for macrolides may have to be reevaluated based on local S pneumoniae resistance. Penicillin resistance in S pneumoniae does not appear to have an important clinical impact but may be significant if MICs are Ն 4 g/mL.
The major difference in the positioning of the macrolides remains the difference in resistance mechanisms between North America (mef) and Europe (erm). The trend of increasing macrolide MICs of S pneumoniae strains with the mef mechanism may require reconsideration of the North American recommendations, especially if clinical failures continue to be observed.
While the role of atypical pathogens in CAP appears to be established among North American investigators, their importance in Europe continues to be debated partly due to diagnostic difficulties. Disease caused by M pneumoniae or C pneumoniae is thought frequently to be self-limiting, and not all investigators think that coverage against these pathogens is necessary.
The panel of authors concluded from their extensive review that guidelines vary, in part, because the necessary data for decision making is not available. They recommended that a large outpatient study in patients with mild-to-moderate CAP comparing an oral ␤-lactam agent (European preference) with an oral macrolide (North American preference) should be performed to determine which of the two approaches offers clinical superiority. This should address the issues of covering for atypical pathogens and the clinical relevance of resistance in those patients with a documented pneumococcal infection. Rather than monitoring the response at 14 and 28 days, the study should address how rapidly symptoms resolve. The study should include the daily response to such parameters as duration of cough, fever, and days to return to work, and should include accurate testing for atypical pathogens as well as typical pathogens so as to define the etiology in patients.
New, respiratory, fluoroquinolone agents are widely used in North America, in many places rapidly replacing the ␤-lactam-macrolide combination. S pneumoniae resistance to these fluoroquinolones is currently low in the United States but is rising in countries with increased use of these agents. This may be due to the use of agents with only marginal activity against the pneumococcus. ATS guidelines suggest that respiratory fluoroquinolones with the greatest potency against S pneumoniae should be the agents of choice.
These agents can be considered appropriate choices for empiric therapy for outpatients with risk factors for DRSP. These factors include the following: age (Ͼ 65 years); recent hospitalization or antimicrobial use; presence of children within the household who attend daycare centers; and multiple comorbid conditions. 75 Ongoing surveillance into the prevalence of DRSP and its clinical impact should assist clinicians in tailoring empiric therapy to current patterns of susceptibility.
The appropriate interpretation of clinical trials and published evidence on the relevance of in vitro break points with in vivo response will dictate future recommendations on macrolides and other classes of antimicrobial agents used for the treatment of CAP.
